Chemical effects on the Kß/Kα X-ray intensity ratios for some first-row transition element compounds were studied experimentally and calculated.
Introduction
The study of the influence of chemical environment on the characteristic X-rays is of great importance for atomic physics and applied research. Therefore, the dependence of relative intensities in X-ray emission spectra on the chemical surroundings of emitted atom and excitation mode has been the subject of extensive experimental and theoretical investigation .
Earlier results concerned with the chemical environment which affect the Kß/Kα, X-ray intensity ratios in coordination compounds of 3d elements and some other compounds are summarised in both in pure elements and in various chemical compounds and alloys using a Ge(Li) and Si(Li) detector systems [17] [18] [19] [20] [21] .
In the reported values of Kß/Kα X-ray intensity ratios of 3d elements and their compounds, the deviations in the results from pure element and from corn-pounds are ranging from 3 to 16%. These deviations were attributed to variations in the number of valence electrons [17] , coordination number, and absorption effects of the ligands [18] . Furthermore, we observed that deviations 1-16% for 3d elements [19] are much larger than those for high Z elements (1-4%). Moreover, it was found that for first-row transition elements the Kß/K, X-ray intensity ratio depended on the mode of excitation [20] . Recently, we have measured the Kß /Kα X-ray intensity ratios in different Crx Nil _ x and Crx Ali_ x alloys [21] and found that they differed up to 3.5% between alloys with different concentration.
Band et al. [22] carried out the scattered wave Xa molecular orbital calculations for some chromium and manganese compounds and evaluated the relative change in the Kß/Kα X-ray intensity ratios. Brunner et al. [23] proposed that the change in the Kß /Kα,X -r a y i n t e n s i t y r a t i o s w a s c a u s e d b y t h e c h a n g e i n t h e screening of 3p electrons due to delocalization of the 3d electrons and estimated the difference between two chemical compounds in a simple model. Mukoyama et al. [24] estimated the chemical effect on the Kß2 /Kα ratio for some Tc and Mo compounds using Brunner's model. Furthermore, Raghavaiah et al. [25] calculated relative Kß/Kα X-ray intensity ratios for some 3d elements using Brunner's model and compared these with experimental data. The calculated values were found to be consistent with experimental results.
In the present work, Kß/Kα X-ray intensity ratios for some 3d elements were measured and calculated by using Brunner's model.
Computational method
According to Brunner, 3p orbitals suffer a contraction due to the altered screening of 3p orbitals by 3d orbitals charge delocalization in chemical bonding. The relative Kß /Kα emission rate is given by where (Kß/Kα)i is the Kß/Kα intensity ratio for the i-th chemical compound; V is relative deviation described as V = S, Ceff Kd. S2 is the sensitivity of 3p contraction to a 3d charge delocalization [23] . The values of S2 for 3d elements were computed by Brunner et al. [23] 
Experimental
The samples are excited by 59.5 keV γ rays from a filtered 241 Am radioactive source and X-rays emitted from samples were detected by a Ge(Li) (FWHM = 190 eV at 5.9 keV) and Si(Li) (FWHM = 160 eV at 5.9 keV) detectors coupled to a ND66B multichannel analyser. Two typical spectra of ZnSO4 and ZnCl2 are given in Fig. 1 and Fig. 2 . Ni and Zn foil samples were corrected as regards to self-absorption while other samples were subjected to particle size correction since they were in powdered form and the samples were very thin. Powder samples were prepared by using the sample preparation cylindrical cup and rod produced in our research laboratory and supported on the mylar film 50 x 10 -4 g • cm -2 thickness and 3.4 cm diameter. Detector efficiency corrections were carried on data. The efficiency calibration of the system was made by using reference lines of the known intensity in 241 Am, 57Co,
137
Cs, and 54Mn standard sources under the same experimental geometric conditions. Therefore the absorption effects of the mylar film and the air in the path of the photons were also eliminated. The background was measured by using the calculation of the mean from ten channels except the region about the joining of the K α and Kß peaks. Sample preparation, experimental method and various correction applied to data have been described more detailed in previous papers [17] [18] [19] [20] [21] .
Results and discussion
The results for the Kß/Kα, intensity ratio are presented together with previously published theoretical and experimental results in Table II . Our calculated results are in good compliance with literature data [9, 23] . Our experimental values for Mn compounds (MnCl 2 .4H2O)/KMn04 and (MnCl 2 .4H20)/[Mn(NO3)2 1120] are in agreement with calculations. Table II also shows that the calculated Kß/Kα ratios in other manganese compounds agree with earlier experimental studies [8, 9, [17] [18] [19] within 4%. The calculated Mn/(KMn04) ratio differs from our previous experimental value by ' -, 7%. For Fe compounds and (FeCl2 • 4H2O)/(FeF3) ratio, it can be seen that the agreement between calculations and experiment is within 3%. Calculated Kß/Kα intensity ratio for the other compounds of Fe are in agreement with our earlier experimental results [19] within 4%. Kß/Kα ratios calculated for Co compounds agree with present and our previous experimental results [17] The relative Kß/Kα ratios depended on the type of chemical bond, the polarity of the complex or crystal, the coordination number, the ionic character of the chemical bond, and the ligands attached to the emitting atom. In addition, it is clearly evident from the calculated and experimental data that the relative Kß /Kα X-ray intensity ratios vary in accordance to the valence charge difference. This variation depends on the difference of the electronegativities of the bonding atoms and the oxidation number of the related metal atom. It is generally observed that as the ratio of the oxidation number of the related metal atom in one compound to the oxidation number of the related metal atom in another compound (oxidation number)1/(oxidation number)2 is increased, the relative Kß/Kα X-ray intensity ratios increase as well.
